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Modelling Methods
The crystal structures of the dimeric OXA-10:avibactam complex with bromide, iodide, sodium, and carbon dioxide bound in the active site were used for QM/MM geometry optimization using the CP2K code 1 (http://cp2k.berlios.de). Each protomer was solvated using the Solvate plugin from VMD using a box of dimensions (80  80  80) Å 3 . The systems were neutralized using a background NaCl solution with the Ionize plugin from VMD. 2 Details of the systems studied are summarized in Table S3 .
For QM/MM geometry optimizations, the interaction energy for the QM region was computed via the QuickStep module within CP2K, 3, 4 with the FIST MM driver, and using a real-space multigrid technique for the electrostatic coupling between the QM and MM regions. 5, 6 The QM region was treated using density functional theory (DFT) with the BLYP exchange correlation energy functional 7, 8 employing the GTH pseudopotential of Goedecker et al., 9, 10 and doublezeta valence plus polarization (DZVP) basis sets (optimized for BLYP) as implemented in CP2K. Br -, Iand Na + ions were described using the DZVP basis sets optimized for BLYP. The plane wave was expanded up to a density cut-off of 300 Ry. For the MM region, the CHARMM 27 force-field 11 was used with the TIP3P water model, using the FIST module within CP2K to calculate the MM interaction energy. Interactions between the QM and MM regions were calculated using the procedure of Laino et al. 6 MM and QM optimizations were performed separately, with the QM/MM interface described with the IMOMM link-atom method, 12 where positions of hydrogen capping atoms were expressed as a function of the coordinates of atoms forming the original bond, and the forces on the link atoms were accordingly redistributed. A scaling factor of 1.38 was applied to relate the MM carbon-carbon distances to the QM carbon-
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hydrogen ones. Only the immediate active site was included in the QM region (Table S3 ); the rest of the protein was treated at the MM level. The QM/MM boundary was placed between the and -carbons of Ser-67, Lys-70, Ser-115, and Trp-154. The total charge of the QM region in each system is summarized in Table S4 . Geometry optimizations were performed for 5,000
iterations. For every step, the electronic structure was explicitly quenched to a tolerance of 10 -14 hartree, and a convergence criteria of 10 -3 for the RMS force and gradient was employed. The optimized geometries are given in Figure S14 . distances consistently closer to those observed in crystal structures than with a protonated Lys-70 (Table S5 ). Water molecules are indicated in red. S26 Table S3 . Details of the systems studied included in the analyses on the protonation state of Lys-70, the number of atoms in the QM region, the total number of atoms in the system, and the active site atom or molecule unique to each system. 
